Objective: The aim of this study is to investigate the relationship between procalcitonin (PCT) level and the severity of acute cholecystitis.
Introduction
Acute cholecystitis (AC) is one of the important causes of abdominal pain on presentation to the emergency department. Early diagnosis and treatment of AC has a positive effect on morbidity and mortality [1, 2] .
Acute cholecystitis is usually diagnosed based on the presence of non-characteristic local and/ or systemic inflammatory findings and/or the result of ultrasonographic examination [1] [2] [3] .
Although there are no specific diagnostic criteria for AC, if it seen at an advanced stage, it may lead to mortality. The grading of AC is necessary for not only defining the severity of AC but also planning early or elective cholecystectomy [1] [2] [3] [4] .
Previously, the levels of leukocytosis and C-reactive protein (CRP) were assessed for predicting the severity of AC, but neither was found to be useful [1] [2] [3] [4] [5] . Moreover, CRP level is usually within the normal range in the first 6-12 h of AC. On the other hand, procalcitonin (PCT) was shown to increase in the first hours after systemic inflammation and peaked earlier than CRP did in the plasma [5] .
The aim of this study is to evaluate the potential use of PCT level in defining the severity of AC apart from the standard acute-phase reactants.
Materials and Methods

Patients
This study was approved by the local ethics committee of Ankara Training and Research Hospital with a registration date of 14.10.2010 and No. 2959. This prospective study was conducted in patients who were over 17 years old and were admitted to our emergency department with a complaint of abdominal pain. A total of 200 patients who were diagnosed with AC between July 2009 and January 2011 were included in the study.
Acute cholecystitis was diagnosed based on the presence of local inflammatory findings (such as Murphy' s sign, palpable mass, tenderness, and/ or pain in the right upper abdominal quadrant), systemic inflammatory findings (such as fever, elevation of CRP, and/or leukocytosis), and/or findings specific for AC on ultrasonographic imaging (USI). Clinical suspicion and at least one of these signs are required for the diagnosis of AC, and the diagnosis needs to be supported by USI. Patients with AC were divided into three stages according to the Tokyo classification based on their anamnesis, physical examination, and laboratory and imaging results. Age, sex, serum white blood cell (WBC) count, CRP level, and USI results of the patients were evaluated [1] .
We examined the relationship between WBC count, erythrocyte sedimentation rates (ESR), PCT level, CRP level, USI findings, and the disease stage. We also assessed the relationship between PCT and CRP levels, ESR, and WBC count.
Patients with other acute abdominal conditions and those aged under 18 years old were excluded from the study. In addition, patients with inflammatory bone diseases, malignancy, lung infections, soft tissue infections, burns, or trauma were excluded. Informed consent was taken from all of the patients.
Measurement of WBC count, ESR, and CRP and PCT levels White blood cell count assays were performed using an automatic hemocytometer (LH-780, Beckman Coulter, USA), which was calibrated daily. Venous blood samples for WBC count assays were collected in standard tubes containing 0.072 mL 7.5% K3-ethylenediaminetetraacetic acid solution (Beckton Dickinson, USA) (reference values: 4.5-11×10 3 /µL). ESR tests were performed using an automatic ESR measuring device (Test 1 THL, Alifax, Italy), which was calibrated daily. Samples of 2 mL venous blood for ESR testing were collected in tubes containing 0.072 mL 7.5% K3-ethylenediaminetetraacetic acid solution (Beckton Dickinson) (reference range: 0-20 mm/h). Blood samples collected for CRP measurements were centrifuged at 1500-2000 rpm for 10 min and serum was separated. Analyses were performed using an Afinion TM AS100 device and appropriate kits (reference range: 0-0.8 mg/dL). PCT measurements were performed using a Laisio analyzer (318101, Italy), which is an in vitro testing system for the quantitative determination of PCT in heparin, citrate, and ethylenediaminetetraacetic acid, in addition to human plasma (reference values: 0-0.5 ng/dL).
USI of the gallbladder was performed using an ultrasound device (Toshiba SSA-660A) and a 3.5-5 MHz convex probe. mg/dL (IQR: 3.1), and 0.13 ng/mL (IQR: 0), respectively. As the disease severity increased, the WBC count, ESR, and CRP and PCT levels were found to be statistically significantly elevated (p<0.05) ( Table 2 ).
Statistical analysis
When we determined the area under the ROC curve (AUC), cut-off value, specificity, and sensitivity according to the disease stage, PCT level showed similar findings to those of WBC count, ESR, and CRP levels at each stage ( Figure 1 , Figure 2 , Table 3 ).
As shown in Table 3 We found positive correlations between PCT level and WBC count, CRP level, and ESR (p<0.05) ( Table 4) .
Discussion
Gallbladder disease is a common health problem and accounts for a significant proportion of patients presenting to the emergency department with abdominal pain [6] .
Although the development of AC depends on hereditary and ethnic factors, its prevalence increases with age [7] . Pinto et al. [8] . and Cameron et al. [9] found that the mean age of AC patients was 54 years. In our study, the mean age of patients with AC was 59.97 years, which is consistent with that reported in the literature. We suggest that metabolic processes become catabolic and enzyme levels decrease with age and the formation of gallstones may lead to AC.
AC has been reported to develop in women three times more than in men up to the age of 50, after which the difference decreases [10] . Gurer et al. [11] found that the incidence was four times higher in women than in men who underwent laparoscopic cholecystectomy. In our study, the ratio of female patients was higher, which is consistent with that reported in the literature. Ultrasonographic imaging examination determines the diagnosis of cholelithiasis with almost 98% sensitivity. Its diagnostic value for AC patients was reported as 54%-90% in the literature [12, 13] . Moreover, no correlation has been reported between USI findings and histopathological results for AC [7] . We observed that only 109 (54.5%) of the AC patients had positive USI findings that confirmed the diagnosis. In the present study, we did not limit the criteria of positivity for AC to the presence of a gallbladder stone, but an increase in the wall diameter of the gallbladder and pericholecystitic fluid were also included in the criteria.
White blood cell count increases in AC but is not specific for differential diagnosis. In various publications, it has been reported that an increase in WBC count supports the diagnosis of AC and complications associated with increased WBC count should be considered. In the literature, an increase in WBC count and the disease stage have been found to be positively correlated [1] [2] [3] [4] [5] [7] [8] [9] [10] .
CRP, which increases in 12-18 hours as a result of tissue damage owing to bacterial and viral infections, is a low-specificity marker. It can be used to support the diagnosis of AC [1, [14] [15] [16] . Beliaev et al. [14] showed that CRP level has better discriminative power than WBC count in most forms of AC and is a useful diagnostic marker of AC. CRP level increased in direct proportion with the severity of AC.
In the literature, we found no studies that show a relationship between ESR and the clinical severity of cholecystitis. However, ESR is a marker with low sensitivity and specificity, which increases in several clinical conditions such as infections, autoimmune events, neoplasia, and pregnancy [14, 17] .
In our study, in agreement with the literature, we observed that ESR, as well as WBC count and CRP level, increased with the disease stage. We suggest that the main reason for this increase is the increased burden of inflammation.
We have not found any studies that investigated the effect of PCT level in determining the severity of AC. However, PCT level increase in proportion to the severity of systemic inflammation. A continual increase in PCT level indicates that infection has not been controlled and that treatment is insufficient [18] . Al-Bahrami et al. [19] and Reinhart and Meisner reported that PCT level is highly effective for showing the severity of inflammation in acute pancreatitis [16, 20] . In our study, the rate of increases in PCT level in patients with AC was 27%; this increase was correlated with the clinical status and increases in WBC count, CRP level, and ESR. It is suggested that PCT level is more sensitive and specific than other acute-phase response indicators such as CRP, interleukin-6, and tumor necrosis factor-α in defining bacterial infections [21, 22] . It has been shown that in cases of bacterial invasion, PCT level increases and then returns to normal levels faster than CRP level [20, 23] . Considering that CRP level, ESR, and WBC count may increase for several reasons, PCT level may be more meaningful in supporting the diagnosis of AC and in defining the clinical severity of the disease and adequacy of the treatment.
There are some limitations of our study. Firstly, there was no standardization between the times of occurrence of symptoms and presentation to the emergency room. Secondly, we measured serum PCT level only once. In addition, USI was not performed by one radiologist alone.
In conclusion, PCT level alone is not effective for the assessment of the severity of AC, but may be considered to be a parameter that could be added to the assessment of the severity of AC in the Tokyo guidelines, although additional studies are needed to confirm the findings of this study.
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